A novel wideband VHF antenna for the impulse ground penetrating radar (GPR) 
INTRODUCTION
Ground penetrating radar (GPR) is sometimes called georadar, ground probing radar, or subsurface radar. GPR uses electromagnetic wave propagation and scattering to image, locate and quantitatively identify contrasts in electrical and magnetic properties in the ground. [1] .
Detectability of a subsurface feature depends upon contrast in electrical and magnetic properties, and the geometric relationship with the antenna.
Quantitative interpretation through modeling can derive from ground penetrating radar data such information as depth, orientation, size and shape of buried objects, density and water content of soils, and much more. Important component in any GPR system are the transmitter and receiver antennas [2] . Antennas radiate electromagnetic energy in the microwave band (UHF/VHF frequencies) when there is a change in the acceleration of the current on the antenna. Antennas also convert electromagnetic waves to currents on an antenna
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Trang 49 element, acting as a receiver of the electromagnetic radiation by capturing part of the electromagnetic wave [3] .
The depth range of GPR system depends on not only the electrical conductivity of the ground but also the transmitted central frequency. The lower frequency will make the deeper penetration. So, the GPR systems requite the designed antenna that has a low central frequency in VHF range.
Recently, there are many researches for improving the deeper penetration of the impulse GPR system.
The antenna is situated above dry sand with relative dielectric permittivity in the 500 MHz-3
GHz range and with very small conductivity [4] .
The antenna has a broadband and makes the GPR system to high resolution. However, the UHF central frequencies of this antenna don't improve the range of depth for the impulse GPR system. Besides, ZOU Aimin, LI Jicai, WANG Keke and CHENG Defu have experimental results show that voltage standing wave ratio (VSWR) of the loaded antenna is less than 2.5 in the band 0-300 MHz [5] . However, the value of VSWR make performance of the antenna is not good and it is the trouble for processing signals in the receiver.
In addition, Chen Guo and Richard C.Liu provided Shielded antenna system [6] . Although they make a good Transmitting signal with shielding and absorbing materials, their designed antenna is used in a GPR system working at 400MHz central frequency.
In this article, we propose a novel wideband VHF antenna to improve the deep penetration for the impulse GPR system. Unlike the above bowties antenna in [5] , [6] and [7] , the antenna is based on Lemniscate curve to achieve a good radiation. 
THE PROPOSED LEMNISCATE ANTENNA
The proposed antenna has FR4 dielectric substrate and copper patch for the impulse GPR system. We use the Lemniscate cure to create the structure of the antenna. This curve of the patch of antenna is shown in Figure 1 The dimensions of balun are shown in Figure 5 and its values are shown in Table I . We firstly simulate the antenna without balun.
The value of reflection coefficient S11 = -21.1 dB. S11 is less than -10 dB and VSWR is less 
EXPERIMENTAL RESULTS
In this section, we present the measured results of the proposed antenna. The implemented antenna is shown in Figure 19 . Figure 16 and 17
show the measured reflection coefficient S11 and VSWR with the wideband balun transformer line.
The Smith Chart measurement of the proposed antenna is also shown in Figure 18 . It proves that the antenna has a good matching impedance. The Table II and Table III 
